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(54) THREE-DIMENSIONAL IMAGE MEASURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a method 
which can measure the position and the attitude 
of an object even from a sheet of image thereof 
by determining the brightness of a differentiated 
image on a two-dimensional real number 
coordinate, displayed by superposing a CAD figure 
on the differentiated actual image, through 
interpolation of the gray level on neighboring 
integer coordinate values. 

SOLUTION: Stereoscopic image of an object, i.e., 
a pipe flange 20, is picked at a video total station 
10 not through a target and delivered to an image 
processing board. On the other hand, a CAD 
drawing data 22 is previously processed as a 
design data to take a state similar to that being 
picked up at the video total station 10 and 
delivered to the image processing board where 
the picked up image and the CAD image are 
displayed simultaneously on a monitor 16. While 
displaying the CAD image being translated and rotated in the three-dimensional space < 
the data on the monitor 16, moving amount is determined through maximum image 
density detection work such that both images are matched on a two-dimensional plane 
and a deviation from the design value of an actual machine is measured. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The video total station which carried the camera in the total station which has 
ranging and a measurement-of-angle function is used. By collating with the graphic form 
which acquired the image which photoed the body made applicable to measurement, and 
projected the 3-dimensional CAD drawing data of a measurement object object on the 2- 
dimensional flat surface, and the photoed image In the approach of measuring the three- 
dimensions location for measurement from the 3-dimensional CAD drawing data for 
measurement The three dimensional image measurement approach characterized by 
expressing the CAD graphic form configuration for measurement as a set of the point on 
**** for measurement , performing a display and migration of a CAD graphic form by 
giving the amount of parallel / rotations of three dimensions directly to the CAD drawing 
data for measurement , and performing collating with a photography image . 
[Claim 2] The video total station which carried the camera in the total station which has 
ranging and a measurement-of^angle function is used. By collating with the graphic form 
which acquired the image which photoed the body made applicable to measurement, and 
projected the 3-dimensional CAD drawing data of a measurement object object on the 2- 
dimensional flat surface, and the photoed image When a CAD graphic form is displayed in 
the approach of measuring the three-dimensions location for measurement, The model 
system of coordinates which define the CAD graphic form configuration for measurement, 
the design system of coordinates which define the location and posture on CAD for 
measurement, The machine coordinate system of the video total station proper which 
makes the machine point of a video total station a zero, The collimation system of 
coordinates which set one shaft of a three-dimensions rectangular coordinate system as 
the sense of the video total station when photoing the candidate for measurement at a 
video total station, The three dimensional image measurement approach characterized by 
projecting the three-dimensions location of each point on a CAD graphic form on a 2- 
dimensional flat surface, displaying a CAD graphic form, and performing collating with a 
photography image by conversion to the camera system of coordinates which set one 
shaft of a three-dimensions rectangular coordinate system as the direction of an optical 
axis of the camera built in the video total station. 

[Claim 3] The video total station which carried the camera in the total station which has 
ranging and a measurement-of-angle function is used. By collating with the graphic form 
which acquired the image which photoed the body made applicable to measurement, and 
projected the 3-dimensional CAD drawing data of a measurement object object on the 2- 
dimensional flat surface, and the photoed image In the approach of measuring the three- 
dimensions location for measurement, image differential **** is performed to the image 
which photoed the candidate for measurement. On the profile shade image of the acquired 
image for measurement, each point is displayed based on the coordinate value after 2- 
dimensional projection of each point on a CAD graphic form. The concentration value of 
the profile shade image for [ in the 2-dimensional coordinate value with which the point 
was displayed ] measurement is acquired. The three dimensional image measurement 



approach characterized by judging that the CAD graphic form and the image for 
measurement be in agreement when total of the concentration value in the 2-dimensional 
coordinate value of all the points that constitute the CAD graphic form displayed on the 
profile shade image become maximum. 

[Claim 4] The video total station which carried the camera in the total station which has 
ranging and a measurement-oFangle function is used. By collating with the graphic form 
which acquired the image which photoed the body made applicable to measurement and 
projected the 3-dimensional CAD drawing data of a measurement object object on the 2- 
dimensional flat surface, and the photoed image In the approach of measuring the three- 
dimensions location for measurement, image differential **** is performed to the image 
which photoed the candidate for measurement. On the profile shade image of the acquired 
image for measurement, each point is displayed based on the coordinate value after 2- 
dimensional projection of each point on a CAD graphic form. The concentration value of 
the profile shade image for [ in the 2-dimensional coordinate value with which the point 
was displayed ] measurement is interpolated, calculated and acquired from the 
concentration value of a neighborhood-of-a-point pixel. The three dimensional image 
measurement approach characterized by judging that the CAD graphic form and the image 
for measurement be in agreement when total of the concentration value in the 2- 
dimensional coordinate value of all the points that constitute the CAD graphic form 
displayed on the profile shade image become maximum. 



[Translation done.] 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the three-dimensions measurement 
approach which measures three-dimensions locations, such as the structure, in the plant 
construction field. 
[0002] 

[Description of the Prior Art] As a three-dimensions metering device used in the case of 
location ****** localization, such as a device installed in a steel frame or a plant at the 
time of construction of a plant, the optical total station which needs prism for a measure 
point, and the optical non prism total station which does not need prism are used from the 
former. 

[0003] The total station is calculating and calculating the three-dimensions coordinate 
value of the point in a three-dimensions rectangular coordinate system from the result of 
having measured the distance by the measure point, the horizontal angle, and the angle of 
vertical. This measures the distance R, the angle of vertical VA, and the horizontal angle 
HA from the total station 1 to the coordinate point pi (xi, yi, zi) of point of measurement 2 
to known three-dimensions origin of coordinates (X0, Y0, Z0), as shown in drawing 6 , and 
it is the three-dimensions coordinate location of point of measurement 2 [0004] 
[Equation 1] It asks as xFR-sin(VA), sin(HA)-x0 yi=R-sin(VA), and cos(HA)-y0 zi=R-cos 
(VA)-zO. 

[0005] The optical total station which needs prism has a measurement precision of 
distance as highly precise as 1mm or less, and, on the other hand, the measurement 
precision of distance of an optical non prism total station is 5 mm-IOmm and low precision. 

[0006] In addition, measurement by the photogrammetry is also performed ( drawing 7 ). A 
photogrammetry arranges two or more reference points 3 whose three-dimensions 
coordinate values are known to the neighborhood for measurement, and photos them with 
a camera from a location 5 of two or more places which is different in the reference point 
3 for [ 4 ] measurement The 2-dimensional coordinate value of the origin/datum 3 
reflected to photographic films 6 and 6 is measured with a digitizer etc., and the location 
of the camera stations 01 and 02 of the camera at the time of photography, the sense, 
and the constant about camera optical system, such as lens distortion, are further 
calculated from correspondence of the three-dimensions coordinate value of an 
origin/datum 3 and a 2-dimensional coordinate value. Then, the three-dimensions 
coordinate value of the point for measurement is calculated by count based on the 
camera location when taking two or more 2-dimensional coordinate value and each above- 
mentioned photograph of the point for measurement which measured with the digitizer 
etc. the 2-dimensional coordinate value of the point 4 for measurement of having been 
reflected to the photograph, and measured it every photographic film 6, the sense, and the 
constant about camera optical system. 

[0007] Furthermore, there is an approach ( drawing 8 ) collating with the image which 
photoed the candidate for measurement with the CCD camera etc., and the CAD graphic 
form for measurement performs three-dimensions measurement. This photos two or more 
reference points whose three-dimensions coordinate values arranged to the neighborhood 
for measurement for [ which exists in real three-dimensions space ] measurement are 
known with a CCD camera etc. from a different location of two or more places. The 
photography video signal which is an analog signal is changed into a digital signal through 
image incorporation equipment (the video signal of one screen is usually changed into a 
512 pixels long and 512 pixels wide digital signal). Download to a computer and the digital 
sampling of the 2-dimensional coordinate value of the origin/datum changed into the 



digital signal is carried out The location of the camera at the time of photography, the 
sense, and the constant about camera optical system, such as lens distortion, are further 
calculated by the same approach as a photogrammetry from correspondence of the three- 
dimensions coordinate value of a reference point and a 2-dimensional coordinate value, 
and conversion to two dimensions is formulized from three dimensions. The three- 
dimensions coordinate space of CAD equivalent to real three-dimensions space is 
reproduced in a computer. The CAD model for measurement is arranged in the three- 
dimensions coordinate space of CAD reproduced in the computer based on the CAD 
design value for measurement. A camera is arranged in the three-dimensions coordinate 
space of CAD reproduced in the computer based on the location of the camera for which 
it asked by the above-mentioned, and the count result of the sense. Based on conversion 
to two dimensions, the CAD model for measurement in the three-dimensions space of 
CAD reproduced in the computer is projected on a 2-dimensional flat surface from the 
three dimensions formulized by the above-mentioned. 

[0008] When the 2-dimensional projection drawing of the CAD model obtained here is 
piled up and displayed on the photography image for [ in real space ] measurement, if the 
real location and posture for measurement are equal to design CAD drawing data, the 2- 
dimensional projection drawing of the photography image for measurement and a CAD 
model is in agreement, and both are not in agreement if not equal ( drawing 9 ). 
[0009] When the photography image for measurement and the 2-dimensional projection 
drawing of a CAD model are not in agreement, to the 2-dimensional projection drawing of 
a CAD model, the movement magnitude of method ** of the upper and lower sides, the 
movement magnitude of a longitudinal direction, the amount of rotations in a screen, and 
the movement magnitude within the 2-dimensional side by a total of four degrees of 
freedom of the amount of enlarging or contracting are given, and the photography image 
for measurement and the 2-dimensional projection drawing of a CAD model are made in 
agreement. However, the movable degree of freedom of the body in three-dimensions 
space turns into a triaxial up parallel displacement and a total of six degrees of freedom of 
a rotation of the circumference of triaxial. Therefore, from the movement magnitude of 
four degrees of freedom within a 2-dimensional side, movement magnitude of six degrees 
of freedom in three-dimensions space cannot be determined. 

[0010] Then, the movement magnitude of six degrees of freedom of a measurement object 
object is calculated by count from the movement magnitude of four degrees of freedom 
within two or more 2-dimensional sides which obtained the candidate for measurement 
from coincidence with the CAD model in two or more images photoed from a different 
location of two or more places ( drawing 10 ). 
[0011] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional 
technique, in case the measure point of a height is measured at the optical total station 
which needs prism for a measure point, the time and effort which installs a ladder and a 
scaffold and installs prism at a measure point is needed. In order to save this time and 
effort, even if it uses a non prism total station, when measuring the center position and 
inclination of the structure, there is a problem which must be calculated from the result of 
having measured the three-dimensions coordinate value of two or more points. 
[0012] In measurement by the photogrammetry, although it is not necessary to install 
prism at a measure point, since it is the approach of measuring the three-dimensions 
location of a point like the case where a total station is used, in order to measure the 
center position and inclination of the structure, measurement of the three-dimensions 
coordinate value of two or more points is needed. Moreover, the activity which determines 
a location, a posture, etc. of a camera from correspondence of the three-dimensions 
coordinate value of a reference point and a 2-dimensional coordinate value whenever it 
must arrange a reference point near a measure point, it must measure the three- 
dimensions coordinate value of a reference point correctly by a certain approach and it 



changes a camera station is needed. Furthermore, in two or more photographs which 
photoed the measure point from a different location of two or more places, a measure 
point needs to match correctly by judging where it is reflected (corresponding-points 
retrieval). When this matching is mistaken, the three-dimensions coordinate value of the 
point which exists in a completely different location will be measured. 
[0013] furthermore, by the measurement approach by collating with the photography 
image of a measurement object object, and a CAD graphic form Direct measurement is 
possible by the comparison with CAD drawing data in the center position and inclination of 
the structure. Although corresponding-points retrieval is not needed, a reference point is 
arranged near a measurement object object like a photogrammetry, and the activity which 
determines a location, a posture, etc. of correspondence to a camera of the three- 
dimensions coordinate value of a reference point and a 2-dimensional coordinate value 
whenever it changes the location and sense of a camera is needed. 
[0014] Since it is such, the total station in which the CCD camera was carried is used. 
Are suitable with the camera station of the CCD camera carried in the total station from 
correspondence with the three-dimensions coordinate value of a reference point, and a 2- 
dimensional coordinate value. When the constant about camera optical system, such as 
lens distortion for which asks for the constant about camera optical system, such as lens 
distortion, and it asked, was considered to be constant value, a camera is moved or the 
sense is changed Prism is installed in the point in the real space equivalent to the zero of 
the three-dimensions system of coordinates of CAD, and the point on the datum line in 
the real space equivalent to the 2-dimensional axis of coordinates of CAD. From the 
result of having measured the three-dimensions coordinate value at the total station, the 
camera station and posture of a CCD camera are searched for by count, and the method 
of performing projection conversion to two dimensions from the three dimensions of a 
CAD model is also considered. 

[001 5] However, by the conventional approach, even when the total station in which the 
above-mentioned CCD camera was carried is used, since the photography process of a 
camera cannot be simulating correctly, it has not resulted in solution of a technical 
problem. Furthermore, in measurement precision, as for the movement magnitude of six 
degrees of freedom of a measurement object object, it was common to have asked in 
approximation by the numerical-analysis technique from the movement magnitude of four 
degrees of freedom within two or more 2-dimensional sides, it was accurate, and was not 
able to measure the location and posture of a 2-dimensional body, moreover, the resolving 
power in the case of changing the photography image for [ by the CCD camera ] 
measurement into a digital signal as another reason whose measurement precision does 
not improve, and downloading to a computer (real space dimension equivalent to 1 pixel of 
a digital signal) — the technical problem were immeasurable occurred in the following 
measurement precision. 

[0016] This invention aims at enabling it to measure the location and posture of a 
measurement object object even from the image of one sheet for measurement to the 1st 
paying attention to the above-mentioned conventional trouble. Even if the location and 
posture of a video total station change, it aims at the ability to be made to perform 
drawing of an exact CAD graphic form in the 2nd. It aims at the highly precise thing of a 
CAD graphic form and the image of a measurement object object it enables it to collate to 
the 3rd. 
[0017] 

[Means for Solving the Problem] The linear transformation to the system of coordinates 
which set one shaft of a three-dimensions axis of coordinates as the direction of an 
optical axis of a video total station for the process which this invention treats the CAD 
graphic form for measurement as a set of the point on a profile, and projects the point- 
set of this three-dimensions space on a 2-dimensional flat surface, In collating with the 
object image for [ which modeled as combination of the nonlinear conversion in 



consideration of the lens distortion of a camera with a built-in video total station etc., and 
was photoed with the CAD graphic form which is the set of a point, and the camera ] 
measurement Indicate the CAD graphic form by superposition on the differential 
image of an object image, and the brightness (concentration value) of the differential 
image on the 2-dimensional real number coordinate value with which each point on a CAD 
graphic form was displayed is interpolated and calculated from the concentration value on 
a neighboring integer coordinate value. When calculate total of the concentration value of 
each point which constitutes a CAD graphic form, the amount of parallel displacements of 
three dimensions and a rotation are added to a CAD graphic form, the procedure of re- 
projecting on a 2-dimensional flat surface is repeated and total of a concentration value 
serves as maximum It is the approach of measuring noting that the amounts of parallel 
displacements and the amounts of rotations of three dimensions which judged that the 
CAD graphic form and the object image were most in agreement, and were applied by then 
are a location a CAD design value and for object measurement, and a gap of a posture. 
[0018] Namely, the three dimensional image measurement approach concerning this 
invention The video total station which carried the camera in the total station which has 
ranging and a measurement-of-angle function is used for the 1st By collating with the 
graphic form which acquired the image which photoed the body made applicable to 
measurement, and projected the 3-dimensional CAD drawing data of a measurement 
object object on the 2-dimensional flat surface, and the photoed image In the approach of 
measuring the three-dimensions location for measurement from the 3-dimensional CAD 
drawing data for measurement The CAD graphic form configuration for measurement is 
expressed as a set of the point on for measurement, and it is characterized by 
performing a display and migration of a CAD graphic form by giving the amount of 
parallel / rotations of three dimensions directly to the CAD drawing data for 
measurement. 

[0019] The video total station which carried the camera in the total station which has 
ranging and a measurement-of-angle function is used for the 2nd. By collating with the 
graphic form which acquired the image which photoed the body made applicable to 
measurement, and projected the 3~dimensional CAD drawing data of a measurement 
object object on the 2-dimensional flat surface, and the photoed image When a CAD 
graphic form is displayed in the approach of measuring the three-dimensions location for 
measurement, The model system of coordinates which define the CAD graphic form 
configuration for measurement, the design system of coordinates whjch define the 
location and posture on CAD for measurement, The machine coordinate system of the 
video total station proper which makes the machine point of a video total station a zero, 
The collimation system of coordinates which set one shaft of a three-dimensions 
rectangular coordinate system as the sense of the video total station when photoing the 
candidate for measurement at a video total station, It is characterized by projecting the 
three-dimensions location of each point on a CAD graphic form on a 2-dimensional flat 
surface, and displaying a CAD graphic form by conversion to the camera system of 
coordinates which set one shaft of a three-dimensions rectangular coordinate system as 
the direction of an optical axis of the camera built in the video total station. 
[0020] The video total station which carried the camera in the total station which has 
ranging and a measurement-of-angle function is used for the 3rd. By collating with the 
graphic form which acquired the image which photoed the body made applicable to 
measurement, and projected the 3-dimensional CAD drawing data of a measurement 
object object on the 2-dimensional flat surface, and the photoed image In the approach of 
measuring the three-dimensions location for measurement, image differential #### is 
performed to the image which photoed the candidate for measurement. On the profile 
shade image of the acquired image for measurement, each point is displayed based on the 
coordinate value after 2-dimensional projection of each point on a CAD graphic form. The 
concentration value of the profile shade image for [ in the 2-dimensional coordinate value 



with which the point was displayed ] measurement is acquired. When total of the 
concentration value in the 2-dimensional coordinate value of all the points that constitute 
the CAD graphic form displayed on the profile shade image becomes maximum, it is 
characterized by judging that the CAD graphic form and the image for measurement were 
in agreement 

[0021] Furthermore, the video total station which carried the camera in the total station 
which has ranging and a measurement-of-angle function is used for the 4th. By collating 
with the graphic form which acquired the image which photoed the body made applicable 
to measurement, and projected the 3-dimensional CAD drawing data of a measurement 
object object on the 2-dimensional flat surface, and the photoed image In the approach of 
measuring the three-dimensions location for measurement, image differential **** is 
performed to the image which photoed the candidate for measurement. On the profile 
shade image of the acquired image for measurement, each point is displayed based on the 
coordinate value after 2-dimensional projection of each point on a CAD graphic form. The 
concentration value of the profile shade image for [ in the 2-dimensional coordinate value 
with which the point was displayed ] measurement is interpolated, calculated and acquired 
from the concentration value of a neighborhood-of-a-point pixel. When total of the 
concentration value in the 2-dimensional coordinate value of all the points that constitute 
the CAD graphic form displayed on the profile shade image becomes maximum, it is 
characterized by judging that the CAD graphic form and the image for measurement were 
in agreement. 
[0022] 

[Embodiment of the Invention] The concrete operation gestalt at the time of making the 
piping flange of a chemical processing plant applicable to measurement for the approach 
concerning this invention is explained to a detail with reference to a drawing. The system 
configuration which enforces this approach consists of the video total station 10 which 
carried the camera in the total station which has ranging and a measurement-of-angle 
function, a computer 14 having the image-processing board 12, a monitor 16, a keyboard 
18, etc., as shown in drawing 5 . 

[0023] The gestalt of this operation carries out stereo photography of the piping flange 20 
by the video total station 10 through a target, and outputs the candidate for measurement 
to the image-processing board 1 2 as shown in drawing 1 . Moreover, 2 -dimensional — 
ization-process the CAD drawing data 22 with coordinate transformation as a design data 
beforehand, process so that it may be in the same condition with having taken a 
photograph by the video total station 10, and it outputs to the image-processing board 12. 
He is trying to make a monitor 16 indicate a photography image and the CAD image by 
coincidence. And in quest of movement magnitude, it is going to measure the amount of 
bias from the design value of the system for a CAD image according to a parallel 
displacement and the activity according to maximum detection of image concentration so 
that both the images in a 2-dimensional flat surface may be in agreement, making it rotate 
and displaying on a monitor 16 in the three-dimensions space on data. 
[0024] A CAD graphic form is displayed and the processing for comparing the photography 
image of the piping flange 20 is explained based on the flow chart of drawing 2 . First, the 
model system of coordinates (Xmodel, Ymodel, Zmodel) which define the CAD graphic 
form configuration which ****s in the flange 20 for measurement are acquired from CAD 
drawing data (step 1 00). 

[0025] Since the arrangement and the posture in the plant of the flange 20 with which it is 
expressed as this CAD graphic form are specified, design system of coordinates (XCAD, 
YCAD, ZCAD) are defined (step 110). This is for defining the location and posture on the 
CAD drawing for measurement, and is the rectangular coordinate system which made the 
specific location of a plant the zero. For this reason, the prism one more point and for 
total station 10 is installed on one point and a reference axis on the reference point of the 
plant used as a zero. Therefore, the reference point of a plant is equivalent to the origin of 



coordinates of CAD, and the datum line is equivalent to the X-axis or the Y-axis of CAD. 
[0026] Subsequently, since the installation location of the video total station 10 as an 
instrumentation is pinpointed, a video total station is installed in the location which can 
photo the flange used as the candidate for measurement, and a machine coordinate 
system (XMET, YMET, ZMET) is defined (step 120). In this machine coordinate system, 
the three-dimensions coordinate value of the prism in the design system of coordinates 
(XCAD, YCAD, ZCAD) installed previously is measured. The three-dimensions coordinate 
value of the prism called for by this measurement is measured in the three-dimensions 
machine coordinate system (XMET, YMET, ZMET) which sets the X-axis as the horizontal 
line which projected the straight line to which a zero is connected for the machine point 
of a total station, and it connects the Z-axis and two prism for the vertical upper part to 
the horizontal plane. 

[0027] The three-dimensions location of the machine point of** 1 TARUSUTESHON in 
the design system of coordinates (XCAD, YCAD, ZCAD) of a plant can be found from the 
three-dimensions coordinate value of two prism measured in the above-mentioned three- 
dimensions machine coordinate system (XMET, YMET, ZMET), and each point which 
constitutes the CAD graphic form for measurement can be changed into a machine 
coordinate system (XMET, YMET, ZMET) from design system of coordinates (XCAD, 
YCAD, ZCAD). That is, the CAD graphic form in the machine point of the total station 10 
can be specified. 

[0028] And the angle of vertical and horizontal angle of the total station 10 are changed 
until the flange 20 which becomes the photography visual field of the camera built in the 
total station 10 for measurement is reflected. This is for doubling the location and posture 
of a CAD graphic form with the photography image of a system flange. From the control 
input of the angle of vertical at this time, and a horizontal angle, it can set to a machine 
coordinate system (XMET, YMET, ZMET). The inclination of the collimation system of 
coordinates (Xeye, Yeye, Zeye) which set the X-axis as the direction of an optical axis of 
the total station 10 can be found. The coordinate transformation of each point on the 
CAD graphic form changed into the machine coordinate system (XMET, YMET, ZMET) can 
be carried out to collimation system of coordinates (Xeye, Yeye, Zeye) (step 1 30). 
[0029] In these collimation system of coordinates (Xeye, Yeye, Zeye), the location and 
sense of a camera are always constant value. Here Are suitable with the location of the 
camera in the collimation system of coordinates (Xeye, Yeye, Zeye) for which it asked 
beforehand. Performing perspective-projection conversion using a lens distortion multiplier 
can define camera system of coordinates (Xcam, Yearn, Zcam) (step 1 40). Each point on 
the CAD graphic form changed into these camera system of coordinates (Xcam, Yearn, 
Zcam) is changed into the point on a 2-dimensional flat surface (step 1 50). 
[0030] Next, the image which photoed the flange 20 with the camera is incorporated to 
the frame memory of the image board 1 2, and a flange profile image is acquired by 
differential processing (step 1 60). The frame memory of the image-processing board 1 2 is 
divided into 512 pixels by 512 pixels, and has 256 gradation as level (concentration value) 
of brightness for every pixel. On the other hand, since the point on a CAD graphic form is 
projected on two dimensions by the real number operation, it has the 2-dimensional 
coordinate precision of the real number, therefore, in order to indicate the CAD graphic 
form by superposition on a profile image, the 2-dimensional coordinate precision of a CAD 
graphic form is cut for an integer, and if there are no 10 **, it will not become. 
[0031] Then, effectiveness equivalent to the time of raising the resolution of an image is 
expectable by interpolating and calculating the concentration in the 2-dimensional 
coordinate value in the real number which each point on a CAD graphic form originally has 
from the concentration value and the concentration value of 8 pixels of near of the integer 
pixel coordinate value on a frame memory. For this reason, he calculates and searches for 
the luminance distribution which continued along the array direction of the pixel by which 
it is indicated by gradation, and is trying to acquire the concentration in the 2-dimensional 



coordinate value in the real number which each point on a CAD graphic form originally has 
as a interpolation value, as shown in drawing 4 (step 1 70). 

[0032] Thus, the total Xn of the interpolation concentration value of each point on the 
CAD graphic form searched for is calculated (step 1 80), if total is larger than last time in 
the total Xn of this calculated interpolation concentration value as compared with total 
Xn-1 [ last ] (step 190), the display position of a CAD graphic form will be updated (step 
200), and the amount of parallel displacements and the amount of rotations of three 
dimensions will be applied to CAD drawing data (step 210). And whenever it updates, it 
compares with total Xn-1 before updating the total Xn of a interpolation concentration 
value (step 190). When an updating value becomes last time smaller than a value, the 
location where a interpolation concentration value serves as max turns into a location a 
CAD graphic form and whose object image correspond best, and the amount of parallel 
translation and the amount of rotations of three dimensions which were applied by then 
can measure as a gap with CAD drawing data and thing (step 220). Therefore, what is 
necessary is to change this into three dimensions and just to output as a three- 
dimensions coordinate value, since the value which was measured to CAD drawing data 
and which shifted and applied the amount brings a three-dimensions location of a 
measurement object object, and a measurement result of a posture (step 230). 
[0033] In addition, although the above-mentioned operation gestalt showed the example 
measured using two or more images of the measurement object object photoed in two or 
more different locations, in addition since having given the movement magnitude of three 
dimensions to CAD drawing data and CAD drawing data have the information on 
magnitude and the ambiguity of the depth direction can be eliminated, measurement with 
the single image photoed from one place is also possible. 
[0034] 

[Effect of the Invention] As explained above, when the video total station in which the 
CCD camera was carried is used according to this invention, while photoing a 
measurement object with a CCD camera Carry out coordinate transformation of the CAD 
drawing data so that the photography process of a camera may be simulated correctly, 
and it indicates by coincidence into a camera image. It displays as a 2-dimensional image, 
performing carrying out impaction efficiency of the CAD drawing data on the three- 
dimensions space, when an image is not in agreement. By repeating migration of CAD 
drawing data so that total of the brightness obtained in the 2-dimensional image by 
differential processing of the photography image pixel on a CAD graphic form line may be 
detected and the location where this total serves as max may be detected, it is highly 
precise and the gap with the design value of a measurement object can be detected. 
Especially in invention concerning claim 1, measurement of the location and posture of 
measurement ******** is attained even from the image of one sheet for measurement 
Moreover, according to the 2nd invention configuration, even if the location and sense of a 
video total station change, drawing of an exact CAD graphic form is attained, furthermore , 
in order it ask for the CAD data as a real number value in the coincidence processing on a 
2 -dimensional image by the size of the interpolation concentration value of the profile 
image be indicate by gradation by the image per pixel according to an invention 
configuration of the 3rd and 4 , even a pixel unit be a limitation , measurement precision 
can be raise , and the effectiveness whose highly precise collating with a CAD graphic 
form and the image for measurement be attain be acquire . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the configuration block Fig. of the three dimensional image measurement 
approach concerning an operation gestalt. 

[Drawing 2] It is the flow chart of this three dimensional image measurement approach. 

[Drawing 3] The explanatory view of coordinate transformation 

[Drawing 4] It is the explanatory view of interpolation processing of brightness. 

[Drawing 5] It is the basic block diagram of this system. 

[Drawing 6] It is the measurement principle Fig. of a total station. 

[Drawing 7] It is the measurement original ** Fig. of a photogrammetry. 

[Drawing 8] It is the measurement approach Fig. by the photography image and CAD 

graphic form collating. 

[Drawing 9] It is the principle Fig. of the measurement approach by the photography image 
and CAD graphic form collating. 

[Drawing 10] It is the related Fig. of topographic contour plot form movement magnitude 

and isometric plot form movement magnitude. 

[Description of Notations] 

10 Video Total Station 

1 2 Image-Processing Board 

14 Computer 

1 6 Monitor 

18 Keyboard 

20 Piping Flange 

22 CAD Drawing Data 
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